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THERMAL MATHEMATICAL MODEL MESHING
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DESIGN TARGETS

1) KEEP THE BASE PLATE TEMPERATURE IN
ALL OPERATING CONDITIONS BELOW 50°C

2) KEEP ANY CAB POINT IN NON OPERATING
CONDITIONS ABOVE -30°C
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CAB BASE PLATE DISCRETIZATION
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BOUNDARY CONTIDIONS (1)

HEAT SINKS

USS UPPER TRUNION - CONDUCTIVE
OUTER SPACE (WAKE DIR) - RADIATIVE

MAGNET - CONDUCTIVE
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BOUNDARY CONDITIONS (2)

HEAT SINKS TEMPERATURES (°C)

TEMPERATURES (°C)
MAGNET
UPPER MAGNET IN
WAKE WHEN NO
TRUNION CHARGING RAMP UP
HOT
oae| 347 -29.5 25 -143
|_
Z
HN
% HOT
S | betao 4.2 -50.6 -25 -143
S
P
HN
COLD
omg|  -19.9 -71.6 -33 -143
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TYPICAL POWER DISIPATION PER MODULE IN HOT REDUNDANCY
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Sensitivity to environment

CAB baseplate temperature vs design target

Steady State Base plate temperature under CAB modules
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FEASIBILITY TABLE POWER vs ENVIRONMENT ASTRIUM
TEMPERATURE (STEADY STATE)

ENVIRONMENT

Cg S [\;YTElF(;N ;(c))\TNAé_RC(C\I/B) b;g_T75 bHezTo bgtgl-gs
REDUNDANGY 99.7 NO YES YES
epUNpANGY | 114 NO ves vES
rebUNDANGY | 1207 | NO ves vES
REpUNDANCY | 1385 | NO NO vES

OUT OF TEMPERATURE RANGE (ABOVE 60°C)
BETWEEN 50°C AND 60°C (VALID ONLY FOR MAGNET TRP)

IN TEMPERATURE RANGE (BELOW 50°C)
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RAMP UP DISSIPATION POWER

QI RAMP UP (ENVIRONMENT HOT beta=0)
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110

RAMP-UP (ENVIRONMENT: HOT beta = 0)

TRP UPPER LIMIT (50°)

—e— TRP MAGNET
DET

—m— TRP CCSCS6

—a— INTERNAL
CCSCS6

- - = - RAMP-UP FINAL
TIME

— — _ _RAMP-UPPLUS

Page 14

' !
| |
~ . ! :
g 3 1
L A pe pe pe pe pe pe pe pe At "ll" pe pe + A 5 MIN
5 -10 o : — - - RAMP-UP PLUS
— v 32 MIN
< -30 [ I
% ' : ' —+—— SHUNT TEM (°C)
% SO0Os—= = = = = = = = l—l—* ——a—y—=
Ll Lo , TRP UPPER
= -70 . : ' LIMIT
-90 : : | ——s— UPPER
. : TRUNNION
' COND
-110 - I e MAGNET
| ' (COND)
-130 | '
I | | —=— WAKE
_150 T T T T T T T T T T T T T T T T T T T T T : T :\ T T T T T T T T T T (RADIATION)
0 20 40 60 80 100 120 140
TIME (MINUTES)
AMS-2 CAB THERMAL CDR / CAB Thermal Analysis 9-11 March 2004

ASTRIUM




CAB THERMAL ANALYSIS

Q balance RAMP UP (ENVIRONMENT HOT beta =0)
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CAB THERMAL ANALYSIS

THERMAL BALANCE SUMMARY

CONDUCTIVE LINK

EFFICIENT FOR CCS OPERATION IN TRANSIENT
(RAMP UP AND RAMP DOWN OPERATIONS)

RADIATIVE LINK

EFFICIENT FOR CAB CONTROL IN STEADY STATE
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CONDITIONS TO START A RAMP UP

- To start from a power - environment condition
that have steady state temperatures
In MAGNET DET TRP below 50°C

- The 50°C criteria assumes that the upper trunnion
temperature do not change during ramp up, CCS
IS very sensitive to upper trunnion temperature.
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Sensitivity analysis (1)

WITH WITH
SENS'T'VgXSAENALYS'S WITHOUT | jceenr | THERMAL THERMAL
THERMAL RRNT | g1 ER & 40% | ALLER & 80%
MAXIMUM POWER BASELINE
HOT FEDUNDANCY ALLER RADIATIOR | RADIATIOR
INCREMENT | INCREMENT
RADIATOR SURFACE (m?) | 0.208 0.208 0.288 0.368
RADIATOR SURFACE
0] [0) 0, 0,
INCREMENT (%) 0% 0% 40% 80%
CONTACT CONDUCTIVITY
) 100 500 500 500
TO TRUNNION (W/°C m?)
TEMPERATURES IN BASE PLATE TRP's (°C)
TRP CCSCS6 32 23 21 20
TRP MAGNET DETECTOR 68 63 56 50
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Sensitivity analysis (2)
CAB with a increment of 80% in radiation surface

ENVIRONMENT

POWER TOTAL CAB
CONDITION | POWER (W) bthg-T75 b|_e|gr0 beCt(;I;E;s
reoooaney | 997 | YES vEs vES
eounpancy | 114 NO vEs vES
RepUNDANGY | 1207 | NO vES vES
RepUNDANCY | 1385 | NO ves vES

OUT OF TEMPERATURE RANGE (ABOVE 60°C)
BETWEEN 50°C AND 60°C (VALID ONLY FOR MAGNET TRP)

IN TEMPERATURE RANGE (BELOW 50°C)
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